The dinuclear mesocate [Fe 2 L 3 ](BF 4 ) 4 , 1, is a supramolecular building block for a microporous material. Structural analysis reveals that extensive noncovalent interactions in the solid state generate a 3D framework with microporous channels. These channels are permanently accessible to incoming guest molecules and adsorption isotherms demonstrate that the material has a high selectivity for CO 2 over N 2 . Fig. 1 (top) Structure of the ligand, L, used in the current study with coordinating N-atoms coloured blue. (bottom) Schematic of a dinuclear triply stranded mesocate of composition [M 2 L 3 ] n+ .
Over the past two decades, our understanding of microporous materials has progressed, steadily driven by their relevance to diverse applications such as gas separation and storage, catalysis, small-molecule separation and chemical sensing. 1 3D polymeric architectures, sustained by covalent and metal-ligand interactions, comprise the majority of microporous materials that have uniform and periodic structures. Notably, these include naturally occurring zeolites, 2 metal-organic-frameworks (MOFs) 3 and covalent-organicframeworks (COFs). 4 More recently, however, an increasing number of studies have been devoted to porous materials comprised of discrete molecular entities. 5 This class of compound, called molecular porous materials (MPMs), 6 offer synthetic advantages over 3D polymeric materials owing to their enhanced solubility, which may aid their processability and incorporation into functional materials (e.g. attachment to surfaces, etc.). Two broad classes, depending on their structural conformation, describe the porosity within MPMs. Intrinsic porosity refers to compounds in which accessible void space is found inside a discrete entity e.g. organic cages, 7 metal-organic-squares (MOSs) 8 and polyhedra (MOPs) 9 etc. Extrinsic porosity refers to structures in which void space exists between molecular units. Because the packing density in conventional molecule-based solids is high, the formation of MPMs possessing extrinsic porosity is rare. However, a reduction of the packing density via constructive and supportive supramolecular interactions between molecules can realise porous architectures. These supramolecular interactions typically involve hydrogen bonding, as in hydrogen-bonded organic frameworks (HOFs), 10 supramolecular metal-organic frameworks (SMOFs), 11 and supramolecular organic frameworks (SOFs), 12 or noncovalent interactions involving strong dipoles. 5a,12 There is much to learn from new examples of extrinsically porous materials, in particular the relationship between structural features and their properties, including stability, permanent porosity and solubility.
As part of our programme investigating Fe(II) dinuclear complexes 13 ( Fig. 1) , we report here a new and rare example of an extrinsically porous material comprising a supramolecular building block. The compound, [Fe 2 L 3 ](BF 4 ) 4 , 1, where L = N,N-3bis[1-(2-pyrazinyl)ethylidene]isophthalo-hydrazide, was characterised using single crystal X-ray diffraction, and its permanent porosity was evaluated by gas adsorption isotherms using a range of adsorbates.
A red coloured solution resulted when a suspension of L in nitromethane was stirred with Fe(BF 4 ) 2 (2 : 3) at room temperature overnight. Single crystals of 1 were obtained by the diffusion of toluene anti-solvent into the nitromethane solution (see ESI †). The structure of 1 was determined from X-ray diffraction data collected at 120 K. It crystallises in the hexagonal space group P6 3 /m. The asymmetric unit contains one third of an Fe(II) atom coordinated to half of a ligand fragment featuring bidentate coordination via pyrazine (N2) and hydrazide (N3) nitrogen donors ( Fig. 2 and Fig. S2 , ESI †). The average Fe-N bond length of 1.959(4) Å reveals the Fe(II) centre exists in the low spin state at 120 K. 14 The action of a 3-fold rotoinversion congruent with the crystallographic c-axis and a reflection about a mirror plane perpendicular to the crystallographic c-axis yields the dinuclear complex, [Fe 2 L 3 ] 4+ (Fig. 2) . The three bis-bidentate ligand strands bridge Fe(II) centres to form a compact mesocate replete with attractive noncovalent inter-strand interactions. The hydrazide oxygen atoms (O13) are twisted with respect to the plane of the central phenyl rings to which they are attached and are in close contact with an adjacent hydrazide group from a neighbouring (inter-strand) ligand, O13Á Á ÁH11(N11), 2.957(3) Å, 125.81. Likewise, H15 from the central phenyl rings participate in an edge-to-face C-HÁ Á Áp interaction with an adjacent ligand strand, C15-H15Á Á Áp(centre-of-ring) 2.903 Å, 149.61 (Fig. 2,  Fig. S3 ; Tables S2, S3 , ESI †). These interactions likely support the mesocate conformation.
The mesocates pack in the crystal lattice via extensive supramolecular interactions, the most salient of which is the hydrogen-bonding between pyrazine and hydrazide groups of adjacent mesocates e.g. N11-H11Á Á ÁN6, 3.009(8) Å, (Fig. S4 , ESI †). There are six (reciprocal) hydrogen bonds between adjacent pyrazine and hydrazide moieties of neighbouring supra-molecules, along with offset face-to-face p-p interactions involving each pyrazine ring (centroidÁ Á Ácentroid, 3.687(3) Å). These interactions propagate down the crystallographic c-axis to generate a network containing 1D hexagonal channels parallel with the c-axis (Fig. 2, Fig. S4-S7 ; Tables S2, S3 , ESI †). The channel diameter at closest contact between van der Waals surfaces is ca. 5.8 Å. The tetrafluoroborate anions (which are disordered over two positions) line these 1D channels. Because of the high symmetry of the space group and disorder within the solvent molecules that reside within the channels, their identities could not be accurately determined and they were therefore treated by using the SQUEEZE programme embedded within PLATON. 15 The solvent accessible void was calculated to be 1164 Å 3 and accounts for 26% of the crystal volume. Intrigued by the presence and size of the 1D channels within this material, and the structural resilience of the crystals when removed from their mother liquor, we set about to appraise its permanent porosity. Powder X-ray diffraction (PXRD) verified that activation of a batch of crystals via solvent exchange and drying in vacuo successfully retained the lattice structure ( Fig. S8, ESI †) . The accessibility of the activated material to incoming guests molecules was confirmed by a H 2 adsorption isotherm at 77 K, which showed an uptake in excess of 60 cm 3 g À1 (Fig. S9, ESI †) . Hysteresis is also evident in this isotherm and is most probably a consequence of the small size of the pores and their one dimensional nature, which leads to slow diffusion of H 2 at 77 K. Consistent with the small size of the 1D channels, the uptake of N 2 at 77 K was hampered by slow diffusion kinetics, which precluded the measurement of a conventional BET surface area. Gas uptake around room temperature was unhindered, however, and adsorption isotherms at 273 and 295 K were measured for the adsorbates CO 2 , O 2 , N 2 , CH 4 , C 2 H 4 and C 2 H 6 ( Fig. 3 , Table 1 and Fig. S14, ESI †) . The small hysteresis in the 295 K isotherms for ethane possibly arises as a consequence of its larger size and indicates that we are approaching the size limit of the guests that can be adsorbed into the small 1D channels in 1.
From the range of adsorbates tested, the uptakes of CO 2 and N 2 are striking (Table 1) . They reveal a significant uptake of CO 2 and very little of N 2 : at 295 K and 1 bar, uptake capacities of CO 2 and N 2 are equal to 34.5 and 2.1 cm 3 g À1 , respectively. This behaviour is a highly desirable feature touted for materials used in CO 2 removal from flue gas streams and has been observed in other microporous physisorbent materials. 16, 17 The selectivity for CO 2 over N 2 in a 1 : 1 mixture was calculated using IAST to vary between 75 (low pressure) and 40 (1 bar), as shown in Fig. S25 (ESI †) . The selectivity of 1 for this gas pair is higher than those reported for a number of well-known MOFs, including CuBTC, 18 SIFSIX-1-Cu 6b and PCN-61. 19 The selectivity for CO 2 over methane is also impressive, varying between 16 and 20 ( Fig. S25, ESI †) . Breakthrough curves for these gas pairs were simulated. These predict that 1 has the clear potential to separate CO 2 /N 2 and CO 2 /CH 4 mixtures on a bulk scale.
To evaluate the strength of interactions between adsorbates and 1, their isosteric heats of adsorption (Q st ) were calculated ( Fig. 3 and Fig. S11-S23, ESI †) . For the six adsorbates, the magnitude of the Q st values follow the same trend of the uptake capacities (Table 1) . Notably, for CO 2 the enthalpy at low loading is equal to 36 kJ mol À1 , and for N 2 19 kJ mol À1 . These values are on par with expectations based on the quadrupole moments and polarisabilities of these adsorbates, and are comparable with values observed for MOFs and related porous materials. 20 Notably, the Q st for N 2 is higher than that of O 2 . This is the reverse of that expected on the basis of van der Waals interactions and is due to the quadrupole moment of N 2 and its interaction with the strong electric field gradient of 1 that stems from the presence of the BF 4 À anions in the channels. A similar situation is seen in zeolites, which are also highly polar. For MOFs the situation is usually the reverse (O 2 4 N 2 ) since their pores are typically less polar.
In conclusion, a new molecular porous material constructed from dinuclear mesocate complexes [Fe 2 (L) 3 ](BF 4 ) 4 , 1, has been detailed and represents a rare example of an extrinsically porous material. The formation of extensive supramolecular interactions between mesocate complexes serve to sustain an overall 3D architecture. 1D channels protruding through the structure have been studied by gas sorption experiments and reveal high CO 2 over N 2 selectivity, surpassing several wellknown MOFs. These results serve to emphasise the advantages offered by MPMs for selective gas sorption and provide design strategies for establishing new variants. Current work in our laboratory is looking at new variants of compound 1 by using related ligand sets in combination with other metal salts and results from these studies will be reported in due course.
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There are no conflicts to declare. Table 1 Summary of gas sorption results for 1 Void space a N 2 uptake b (cm 3 g À1 ), Q st c (ÀkJ mol À1 ) CO 2 uptake b (cm 3 g À1 ), Q st c (ÀkJ mol À1 ) CH 4 uptake b (cm 3 g À1 ), Q st c (ÀkJ mol À1 ) C 2 H 4 uptake b (cm 3 g À1 ), Q st c (ÀkJ mol À1 ) C 2 H 6 uptake b (cm 3 g À1 ), Q st c (ÀkJ mol À1 ) O 2 uptake b (cm 3 g À1 ), Q st c (ÀkJ mol À1 ) 26% 2.1, 18.9 34.5, 36.0 7.5, 19.8 25.3, 35 .5 23.6, 26.9 1.9, 17.7 a The accessible void space and micropore volume were calculated with the program PLATON 15 using a probe radius of 1.2 Å. b Uptakes reported at 1 bar and 295 K (cm 3 g À1 ). c Sorption data at 273 and 295 K were fit to a virial function from which the isosteric enthalpy of adsorption (Q st , kJ mol À1 ) was calculated.
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